9 


Amebic  Meningoencephalitis 

&  Keratitis 


Govinda  S.  Visvesvara,  A.  Julio  Martinez, 
Mary  K.  Klassen-Fischer,  and 
Ronald  C.  Neafie 


Introduction 

Definition 

Free-living  amebae  of  the  genera  Naegleria,  Acantham- 
oeba,  and  Balamuthia  cause  fatal  diseases  of  the  central  ner¬ 
vous  system  (C N  5)  of  humans.1'33 Naegleria fowleri causes 
an  acute  and  fulminant  primary  amebic  meningoencephali¬ 
tis  (PAM  )  in  children  and  young  adults  with  a  history  of  ex¬ 
posure  to  fresh  water  leading  to  death  within  5  to  10  days 
after  the  onset  of  symptoms.4"6,9’10,16’17,19,25,27,30,31,33’34  Bal¬ 
amuthia  mandrillaris,2,3,7,8,19'22,24,26,29'31,35,36  and  several 
species  of  Acanthamoeba  (Acanthamoeba  castellanii,  Acan- 
thamoeba  culbertsoni,  Acanthamoeba  rhysodes,  Acantham¬ 
oeba  polyphaga,  Acanthamoeba  divionensis,  Acanthamoeba 
healyi,  and  Acanthamoeba  lenticulata )  cause  a  chronic,  and 
usually  fatal,  granulomatous  amebic  encephalitis  (GAE)  that 
may  lastforseveral  weeksormonths.1,11,18,19,23,30,31,37-42^ca«- 
thamoeba  sp  also  cause  an  eyesight  threatening  infection, 
acanthamoeba  keratitis,  in  humans,  especially  in  persons 
wearing  contact  lenses.12,15,17,19,30,31,40,43-52  Additionally,  N. 
fowleri,  Acanthamoeba  sp,  and  B.  mandrillaris  also  infect 
animals.12-17,  19,28-31,  53-58 Sappinia  diploidea,  another  free- 
living  ameba  identified  in  200159  as  an  agent  of  meningitis, 
was  reidentified  recently  as  Sappinia  pedata  based  on  mo¬ 
lecular  analysis.60  So  far  there  is  only  one  case  reported  due 
to  this  ameba. 


Synonyms 

Naegleria  aerobia  and  Naegleria  invadens  are  not  valid 
synonyms  for  N.  fowleri.  Balamuthia  mandrillaris  was  pre¬ 
viously  known  as  leptomyxid  ameba. 

General  Considerations 

In  1958,  Culbertson  etal  isolated  anA-1  strain  of  Acan¬ 
thamoeba  identified  as  a  contaminant  in  a  primary  mon¬ 
key  kidney  cell  culture  during  production  of  poliomyelitis 
vaccine.61  Immunosuppressed  animals  inoculated  with  the 
ameba  developed  fatal  brain  lesions  containing  amebic 
trophozoites.  Culbertson  hypothesized  that  similar  strains 
might  exist  in  nature  and  may  infect  humans.61  Because  of 
taxonomic  uncertainties  at  that  time  regarding  the  genera 
Hartmannella  and  Acanthamoeba,  Culbertson  designated 
the  A-l  Strain  as  Hartmannella-Acanthamoeba,  or  H-A, 
amebae.  It  is  now  well-established  that  Hartmannella  and 
Acanthamoeba  are  distinct  genera  and  that  no  true  hartman- 
nellid  ameba  causes  CNS  infection  in  humans.  Culbertson's 
A-l  strain  is  now  known  as  A.  culbertsoni.11,15,19,30,47  In 
1965,  Fowler  and  Carter  described  a  fatal  human  infec¬ 
tion  caused  by  free-living  amebae,  which  they  presumed 
to  be  Acanthamoeba  sp,  in  the  brain  of  an  Australian  boy.5 
The  infection  was  later  attributed  to  N.  fowleri.5,16,19^30  A 
year  later,  Butt  et  al  described  the  first  case  of  N.  fowleri 
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Figures  9.1  -  9.3 

Naegleria  fowleri  has  a 

3-stage  life  cycle:  trophozoite, 
flagellate,  and  cyst.  Note 
nucleus  (N),  nucleolus 
(Nu),uroid  process  (U), 
contractile  vacuole  (FV), 
cyst  wall  pore  (P).  all 
magnifications  xlOOO 


infection  in  the  United  States  and  coined  the  term  "primary 
amebic  meningoencephalitis.”4  Later  studies  showed  that 
PAM  was  a  recently  discovered,  rather  than  a  new  disease. 
A  study  of  autopsy  records  and  specimens  at  the  M  edical 
College  of  Virginia  revealed  cases  of  PAM  dating  back  to 
1937. 10  Studying  museum  specimens  in  England,  Symmers 
discovered  a  case  of  human  PAM  dating  from  1909.25  Of 
the  more  than  200  cases  of  PAM  reported  worldwide,  only 
a  few  patients  have  survived. 

Granulomatous  amebic  encephalitis  (GAE)  caused  by 
Acanthamoeba  sp  usually  occurs  in  persons  with  HI V/ 
AIDS  or  who  are  otherwise  immunocompromised,  debili¬ 
tated,  or  malnourished.  At  one  time,  all  cases  of  GAE  were 
attributed  to  Acanthamoeba  sp.28,29  Although  in  most  cases 
Acanthamoeba  sp  was  identified  as  the  causative  agent  by 
immunofluorescence  or  immunoperoxidase  techniques,  a 
few  cases  could  not  be  confirmed  in  this  way.  However, 
with  the  isolation  of  B.  mandrillaris  amebae  in  the  brain  of 
a  mandrill  (a  large  baboon)  in  1986  and  subsequent  devel¬ 
opment  of  an  antiserum  and  an  immunofluorescence  test  for 
this  organism,  B.  mandrillaris  has  been  definitively  identi¬ 
fied  as  the  etiologic  agent  of  GAE  in  a  number  of  human 
and  animal  cases.28,29  Fewer  than  100  cases  of  balamuthia 
GAE  have  occurred  worldwide,  approximately  70  in  the 
U  nited  States.7 

Epidemiology 

Naegleria  sp  and  Acanthamoeba  sp  are  distributed  world¬ 
wide  and  are  commonly  found  in  soil,  dust,  fresh  water,  house¬ 
hold  water,  sewage,  thermal  effluents,  swimming  pools,  and 
hot  springs.12,16,19,30,31,47,62  Recently,  N.  fowleri  has  also  been 
isolated  from  drinking  water.16,63  Acanthamoeba  sp  have  also 
been  isolated  from  salt  water,  ocean  sediments,  heating  and  air 
conditioning  units,  bacterial,  mycotic,  and  mammalian  cell 
cultures,  vegetable  matter,  contact  lens  paraphernalia,  and 


Figures  9.4,  9.5 

Trophozoites  are  spherical  and  10  pm  to  18  pm  in  diameter  (arrow). 
Their  slug-like,  eruptive  movement  is  produced  by  smooth  hemispheric 
bulges.  The  single  nucleus  has  a  large,  centrally  located  nucleolus  that 
stains  densely  with  aniline  dyes.  Noteuroid  process  (U).  H&E  (left) 
x400,  phase  contrast  (right).  x600 


human  tissue.  12,15,  19> 3#>47  Balamuthia  mandrillaris  has  only 
recently  been  isolated  from  nature. 64-66 

Primary  Amebic  Meninqoencephalitis 
(PAM) 


Infectious  Agent 

Naegleria  fowleri  has  a  3-stage  life  cycle:  trophozoite, 
flagellate,  and  cyst  (Figs  9. 1  to  9.3).  Trophozoites  are  spher- 
ical  and  10  pm  to  18  pm  in  diameter.  Their  slug-like,  erup¬ 
tive  movement  is  produced  by  smooth  hemispheric  bulges. 
In  tissue  sections,  the  single  nucleus  has  a  large,  central¬ 
ly  located  nucleolus  that  stains  densely  with  aniline  dyes 
(Figs  9.4  &  9.5).  A  contractile  vacuole  is  often  seen.  The 
posterior  end,  or  uroid,  appears  to  be  sticky  and  often  has 
several  fine,  trailing  filaments.  Clumps  of  bacteria  or  debris 
may  attach  to  the  uroid.  Naegleria  sp  divide  by  promitosis, 
wherein  the  nucleolus  and  nuclear  membrane  persist  during 
division.  U  nder  adverse  conditions,  such  as  a  change  in  the 
ionic  concentration  of  the  milieu,  trophozoites  differentiate 
into  a  piriform,  transient,  non-feeding  flagellate  stage.  Flagel¬ 
lates  commonly  have  2  flagella  but  may  have  3  or  more  and 
they  usually  revert  to  the  trophozoite  stage.  T rophozoites  also 
differentiate  into  smooth-walled,  spherical  cysts  7  pm  to 
15  pm  in  diameter.  Cyst  walls  may  have  1  or  more  pores 
plugged  with  a  mucoid  substance.16,67 

Clinical  Features  and  Pathogenesis 

Primary  amebic  meningoencephalitis  (PAM)  is  an 
acute,  fulminant  infection  characterized  by  severe  bifron- 
tal  or  bitemporal  headache,  spiking  fever  of  40°C,  nausea, 
vomiting,  nuchal  rigidity,  positive  Kernig's  and  Brud- 
zinski's  signs,  photophobia,  confusion,  delirium,  seizures, 
and  coma.  Symptoms  appear  1  to  14  days  after  exposure; 
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most  patients  die  3  to  7  days  after  the  onset  of  symptoms. 
PA  M  usually  occurs  in  children  and  young  adults  who  have 
recently  swum  in  lakes,  heated  swimming  pools  with  in¬ 
adequate  chlorination,  or  other  bodies  of  fresh  water  that 
harbor  amebae.  Trophozoites  and/or  flagellates  enter  the 

swimmer's  nostrils  and  invade  the  subarachnoid  space  and 
CN5  parenchyma  through  the  olfactory  nerves,  the  cribri¬ 
form  plate,  and  the  olfactory  neuroepithelium.  The  incuba¬ 
tion  period  is  usually  3  to  8  days.4'6,16,17,19’30,33’34 

Pathologic  Features 

In  its  early  stages,  PAM  resembles  acute  bacterial  lep¬ 
tomeningitis.  However,  the  purulent  exudate  is  scant  com¬ 
pared  to  that  seen  in  bacterial  leptomeningitis,  and  the 

inflammatory  reaction  in  the  subarachnoid  and  Virchow- 

Robin  spaces  is  less  intense.4"6,16,17,19,30,34 There  are  no  clear 
differences  between  PAM  and  acute  pyogenic  or  bacterial 
meningoencephalitis.  The  peripheral  white  blood  count  is 
usually  elevated,  with  a  predominance  of  neutrophils.  Ce¬ 
rebrospinal  fluid  (CSF)  appears  grayish  to  yellowish-white 
and  may  be  tinged  with  red.  CSF  pressure  is  elevated,  rang¬ 
ing  from  300  to  600  mm  H20.  CSF  pleocytosis  is  usually 
seen,  with  a  predominance  of  neutrophils,  which  may  be 
mistaken  for  bacterial  infection.  Early  in  the  infection  the 
CSF  white  cell  count  may  be  low,  but  as  the  disease  pro¬ 
gresses  it  may  increase  to  as  much  as  26,000  cells/mm3.  The 
CSF  glucose  level  is  usually  low  to  normal  and  CSF  protein 
is  high,  ranging  from  100  to  1,000  mg/dl.  Computed  tomog¬ 
raphy  (CT)  shows  obliteration  of  thecisterns  surrounding  the 
midbrain  and  subarachnoid  space.  A  CT  scan  of  the  brain 
without  contrast  appears  to  be  normal  or  may  show  cerebral 
edema  with  obliteration  of  cisterns  surrounding  the  mid¬ 
brain  and  subarachnoid  space.  However,  with  intravenous 
contrast  medium  marked  diffuse  enhancement  in  these  re¬ 
gions  may  be  seen.16,17,19,30 

Naegleria fowled  destroys  the  olfactory  neuroepithelium 
and  olfactory  bulbs.  PAM  is  characterized  by  acute  hemor¬ 
rhagic  necrosis  of  both  gray  and  white  matter,  associated 

with  an  acute  inflammatory  infiltrate  consisting  mainly  of 

neutrophils,  eosinophils,  macrophages,  and  occasional  lym¬ 
phocytes.  The  cerebral  cortex  shows  evidence  of  recent  su¬ 
perficial  hemorrhages  in  and  around  the  orbitofrontal  and 
temporal  lobes,  hypothalamus,  midbrain,  pons,  medulla  ob¬ 
longata,  cerebellum,  and  upper  portion  of  the  spinal  cord. 
The  cortex  is  most  severely  affected  at  the  base  of  the  brain, 
with  pockets  of  amebic  trophozoites  within  edematous  and 
hemorrhagic  CN5  tissue.  Large  numbers  of  amebic  tropho¬ 
zoites,  some  with  phagocytosed  erythrocytes  and  myelin 
fragments,  may  also  be  seen  deep  in  the  Virchow-Robin 
spaces  and  around  blood  vessels,  but  with  minimal  or  no 
inflammatory  response.  Naegleria  fowled  generally  do  not 
produce  cysts  in  CN  5  tissue.  A  focal  or  diffuse  myocarditis 
has  been  reported  in  a  few  cases  of  PAM ,  though  microor¬ 
ganisms  were  not  found  in  myocardial  lesions.16,17,19,30 


Figure  9.6 

Trophozoites  under  reduced  bright 
field  light  microscopy.  Note  large, 
centrally  located  nucleolus  (nu) 
surrounded  by  a  clear  halo  within 
nucleus  (N )  characteristic  of 
Naegleria  fowleri.  xl250 


Fig  9.7 

Naegleria  fowleri  (NF)  in  wet  mount 
of  CSF  smear  with  accompanying 
polymorphonuclear  (PM  N ) 
leucocytes.  Wright  stain  xlOOO 


Diagnosis 

Diagnosis  of  PAM  is  confirmed  by  identifying  amebic 
trophozoites  in  a  wet  mount  of  CSF  preparation.  A  light  mi¬ 
croscope  equipped  with  phase  contrast  optics  is  preferable, 
but  the  preparation  may  also  be  viewed  under  brightfield 
illumination  with  reduced  light.  Naegleria  fowled  tropho¬ 
zoites  may  be  distinguished  from  host  cells  by  their  active 
directional  movement  and  the  large,  centrally  located  nu¬ 
cleolus  surrounded  by  a  clear  halo  (Fig  9.6).  CSF  smears 
should  be  stained  with  Giemsa,  Wright,  or  trichrome  (Fig 
9.7).  Gram  stain  is  not  useful  in  identifying  N.  fowled. 
Specimens  of  CSF  or  brain  tissue  should  be  kept  at  24°  to 
28°C  for  no  more  than  24  hours.  CSF  should  be  centrifuged 
at  1,000  rpm  for  5  to  8  minutes.  After  aspirating  all  but  0.5  ml 
of  the  supernatant,  the  sediment  should  be  inoculated  onto  the 
center  of  an  agar  pi  ate  that  has  been  precoated  with  bacteria, 
and  incubated  at  37°C.  Biopsy  or  autopsy  material  should 
be  triturated  in  a  small  amount  of  ameba  saline  (0.5  ml), 
placed  in  the  center  of  an  agar  plate,  and  incubated  in  the 
same  way.16,17,19,30,31 

U  nder  a  microscope,  N.  fowled  amebae  appear  as  small, 
motile  blotches.  After  2  to  3  days  incubation,  the  amebae 
begin  to  encyst.  After  4  to  5  days  incubation,  trophozoites 
and  cysts  should  be  visible.16,17,19,30  Generic  identification 
is  based  on  characteristic  patterns  of  locomotion,  morpho¬ 
logic  features  of  the  trophic  and  cyst  forms,  and  enflagella- 
tion  experiments.67  However,  specific  identification  of  N. 
fowleri  is  made  by  using  immunohistochemical  techniques 
using  N.  fowleri  monoclonal  or  polyclonal  antibodies16,68 
or  molecular  techniques  such  as  PCR16,19’30,69  nested  PC  R70 
and  real-time  PCR71  on  the  cultured  amebae  or  on  infected 
tissue  sections.  Recently,  a  multiplex  real-time  PCR  has 
been  developed  at  CDC  that  identifies  all  three  amebae 
(Acanthamoeba  sp,  B.  mandrillaris  and  N.  fowleri).  The 
real-time  multiplex  PCR  is  a  rapid,  sensitive,  and  specific 
assay  which  can  be  performed  and  results  reported  within 
4  to  5  hours.71 

Since  PAM  has  a  rapid  onset  and  progresses  quickly  there 
is  little  opportunity  for  an  effective  humoral  response  to 
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Figure  9.8  a,b,c,d 

Acanthamoeba  sp  have  a  2-stage  life  cycle  consisting  of 
trophozoite  (a  &  b)  and  cyst  (c  &  d),  nucleus  (N),  contractile 
vacuole  (CV),  retractile  projections  (P).  Phase  contrast,  a  and  c. 
xlOOO  Hematoxlin-eosin  b  and  d.  xlOOO 


develop  against  the  amebae.  However,  in  one  case  with  a 
successful  outcome,  N.  fowleri  antibody  of  the  IgM  class 
was  demonstrated  with  a  titer  of  1:4096.34 

Treatment 

Two  patients,  one  from  the  United  States  and  the  other 
from  M  exico,  are  known  to  have  survived  PA  M  ,27,34  Other 
reports  of  survival  are  unconfirmed. 16,17,19,30  The  Ameri¬ 
can  patient  was  treated  aggressively  with  intrathecal  and 
intravenous  amphotericin  B  (to  which  N.  fowleri  is  high¬ 
ly  sensitive)  and  miconazole,  and  with  oral  rifampin.34 
A  M  exican  boy  was  treated  early  with  intravenous  ampho¬ 
tericin  B  and  fluconazole,  and  with  oral  rifampin.27  Early 
identification  of  the  etiologic  agent  and  aggressive  therapy 
appear  to  be  key  to  patient  survival. 


Acanthamoeba  and  Balamuthia 
Granulomatous  Amebic  Encephalitis 
(CAE) 

Infectious  Agents 

Acanthamoeba  sp  have  a  2-stage  life  cycle  consisting 
of  trophozoite  and  cyst  (Figs  9.8a  to  9.8d).  Acanthamoeba 
sp  trophozoites  are  slightly  larger  than  those  of  N.  fowl¬ 
eri,  measuring  15  pm  to  45  pm  in  diameter.  A  contractile 
vacuole  periodically  ruptures  on  the  body  surface,  which  is 
covered  with  fine,  spine-like,  retractile  projections  (acan- 
thopodia).  T rophozoites  usually  have  a  single  nucleus  with 
a  large,  dense  nucleolus.67 

Acanthamoeba  sp  divide  by  conventional  mitosis,  in 
which  the  nucleolus  and  the  nuclear  membrane  disappear 
during  cell  division.  The  organism  does  not  have  a  flagellate 
stage,  but  it  differentiates  into  a  cyst  under  adverse  condi¬ 
tions.  Cysts  are  uninucleate  and  have  a  proteinaceous,  usu¬ 
ally  wrinkled,  ectocyst  and  an  endocyst  made  of  cellulose. 
At  the  point  of  contact  between  the  ectocyst  and  endocyst 
there  are  pores,  or  ostioles,  usually  covered  by  opercula. 
The  cysts  are  highly  resistant  to  environmental  pressures 
including  desiccation.72  As  many  as  24  Acanthamoeba  sp 
have  been  described.  These  species  can  be  divided  into 
3  groups  based  on  cyst  size  and  morphology  as  follows: 
1)  species  that  produce  large  cysts  (18  pm  to  28  pm);  2) 
species  that  produce  cysts  smaller  than  18  pm  with  promi¬ 
nently  wrinkled  ectocysts  and  stellate,  polygonal,  triangular, 
oval,  or  round  endocysts;  and  3)  species  that  produce  cysts 
smaller  than  18  pm  with  slightly  wrinkled  ectocysts  and 
round  or  oval  endocysts 67  (Table  9.1).  However,  recent  de¬ 
velopments  in  molecular  analysis  has  enabled  improvements 
in  the  taxonomy  of  this  genus  and  its  phylogenetic  relation¬ 
ships.  Further,  based  on  the  sequencing  of  the  18S  rRNA  gene, 


Table  9.1  Morphologic  features  of  Acanthamoeba  sp  that  cause  meningoencephalitis. 


Group 

Species 

Cyst  size 

Ectocysts 

Endocysts 

I 

A.  astronyxis 

18  to  28  pm 

Nearly  circular, 
gently  rippled 

Rays  if  stellate  endocyst 
contact  ectocyst  in  the 
same  plane 

II 

A.  castellani,  A.  divionensis, 
A.  polyphaga,  A.  rhysodes 

<18  pm 

Prominently 

wrinkled 

Stellate,  polygonal, 
triangular,  oval  or  round 

III 

A.  culbertsoni,  A.  healyi 

<18  pm 

Slightly 

wrinkled 

Round  or  oval 
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Figure  9.9a-d 

Balamuthia  mandrillaris  also  has  a  2-stage  life  cycle 
of  trophozoite  (a  &  b)  and  cyst  (c  &  d).  In  vitro  culture 
under  phase  contrast,  a  and  c  xlOOO;  tissue  sections 
stained  with  H&E,  b  and  d.  x250 


16  genotypes  (T1  to  T16)  have  been  identified.  l2-'5d  9, 30,3 1,47,73 

Balamuthia  mandrillaris  also  has  a  2-stage  life  cycle  of 
trophozoite  and  cyst  (Figs  9.9a  to  9.9d).  Actively  feeding 
a  Balamuthia  trophozoites  growing  in  culture  range  in  size 

from  12  pm  to  60  pm  in  diameter  (average  30  pm).  The 
ameba  has  a  spider-like  movement  achieved  by  producing 
a  broad  pseudopodium  and,  sometimes,  finger-like  deter¬ 
minate  pseudopodia.  Trophozoites  are  normally  uninucle¬ 
ate,  but  bi nucleate  forms  are  occasionally  seen.  The  nucleus 
usually  has  a  single  large  nucleolus,  but  may  have  up  to  2 
or  3.21,28'30 

Balamuthia  mandrillaris  divides  by  a  complex  form  of 
mitosis  called  metamitosis  in  which  the  nucleolus  and  the 
nuclear  membrane  are  intact  during  the  initial  stages.  As 
mitosis  progresses,  the  nuclear  membrane  breaks  down  and 
the  nucleolus  disappears.  Trophozoites  differentiate  into 
cysts  under  adverse  conditions.  Light  microscopy  reveals 
a  wrinkled  ectocystand  athick  endocyst.  However,  ultrastruc- 
turally  there  is  a  third  layer  consisting  of  a  structureless  meso- 
cy  st  (Fig  9.9b). 29,65 

Clinical  Features  and  Pathogenesis 

Acanthamoeba  sp  GAE  primarily  affects  immunosup- 
pressed,  chronically  ill,  or  otherwise  debilitated  persons 
with  no  history  of  exposure  to  bodies  of  fresh  water.  There 
have  been  a  few  reported  infections  in  otherwise  healthy 
individuals  with  no  known  immunodeficiency  or  risk  fac¬ 
tors  for  HIV.12,15,17,19,30,47  Balamuthia  mandrillaris  GAE 
affects  the  very  young  or  very  old,  and  patients  with  HI V/ 
A I D  s.17,21,28'30  W  hether  caused  by  Acanthamoeba  sp  or  B. 
mandrillaris,  GAE  is  a  slowly  progressive  disease  of  the 
CNS  with  no  clearly  defined  incubation  period.  Onset  is  in¬ 
sidious,  lasting  from  a  few  days  to  several  weeks  or  months. 
Patients  present  with  focal  neurologic  deficits,  signs  of  in¬ 
creased  intracranial  pressure,  and  neurologic  and  radio- 
graphic  features  suggestive  of  an  expanding  mass.  D  ifferen- 


Figure  9.10  a-d 

Granulomatous  amebic  encephalitis  caused  by  Balamuthia 
mandrillaris.  Cross  section  of  cerebral  hemispheres  show  multiple 
foci  of  hemorrhagic  encephalomalacia  (arrows)  involving  the 
cerebral  cortex,  subcortical  white  matter,  and  basal  ganglia.  CT 
Scan,  a  and  c;  Horinzontal  sections  of  brain  after  fixation,  b  and  d. 


tial  diagnosis  includes  brain  tumor,  abscess,  or  intracerebral 
hematoma.  Common  clinical  symptoms  include  headache, 
irritability,  confusion,  seizures,  dizziness,  drowsiness,  som¬ 
nolence,  and  behavioral  changes.  Diplopia,  aphasia,  ataxia, 
altered  mental  state,  lethargy,  and  hemiparesis  are  less  com¬ 
mon  symptoms.  Some  patients,  especially  those  with  HI V/ 
AIDS,  develop  skin  lesions,  abscesses,  or  erythematous 
nodules.3,17,21,28'30 

CNS  disease  is  a  secondary  feature  of  GAE,  probably 
caused  by  hematogenous  dissemination  from  a  primary  site 
such  as  a  skin  lesion  or  the  lower  respiratory  tract.17,21,28'30 
However,  there  are  a  few  reported  cases  of  granuloma¬ 
tous  skin  disease  caused  by  Acanthamoeba  sp  that  did  not 
spread  to  the  CNS.42  Acanthamoeba  sp  and  B.  mandrillaris 
are  known  to  encyst  within  such  lesions  (Fig  9.9d).  Acan¬ 
thamoeba  and  B.  mandrillaris  cysts  have  also  been  isolated 
from  airborne  dust.  17,21>30,65  in  an  immunocompromised 
person  who  inhales  cysts  or  whose  damaged  skin  surface 
is  contaminated  with  airborne  cysts,  amebae  may  excyst 
into  trophozoites  and  invade  the  olfactory  mucosa  or  deeper 
structures  of  the  skin. 

Recently,  research  efforts  have  focused  on  the  role  of 
free-living  amebae  as  carriers  of  pathogenic  bacteria,  such 
as  Legionella,  in  biofilms.12,15,17,19,30,47 

Pathologic  Features 

Granulomatous  amebic  encephalitis  produces  moderate 
edema  of  the  cerebral  hemispheres,  with  focal  hemorrhagic 
softening  of  the  cerebral  cortex.  Affected  areas  may  pro¬ 
duce  a  mild  purulent  exudate.17  On  cross  section,  cerebral 
hemispheres  show  multiple  foci  of  hemorrhagic  encepha¬ 
lomalacia  involving  the  cerebral  cortex,  subcortical  white 
matter,  and  basal  ganglia  (Figs  9.10a  to  9.10d).  Structures 
of  the  posterior  fossa  (cerebellum  and  brain  stem)  may  be 


5 


9  •  Topics  on  the  Pathology  of  Protozoan  and  Invasive  Arthropod  Diseases 


Figure  9.1 1  a,b,c,d 

M  icroscopically,  GAE 
lesions  consist  of 
hemorrhagic  necrosis 
of  CNS  parenchyma, 
variable  subacute  and 
chronic  inflammatory 
reactions,  and  amebic 
trophozoites  and  cysts 
around  and  within  blood 
vessel  walls  (arrows), 
magnifications:  a  x35, 
b  x85,  c  x75,  d  x90 


more  severely  affected  than  the  cerebral  hemispheres. 

Microscopically,  GAE  lesions  consist  of  hemorrhagic 
necrosis  of  C  N  S  parenchyma,  variable  subacute  and  chron¬ 
ic  inflammatory  reactions,  and  amebic  trophozoites  and 
cysts  around  and  within  blood  vessel  walls  (Figs  9.11a  to 
9. lid).  M  ultinucleated  giant  cells  may  be  present,  particu¬ 
larly  in  patients  with  only  mild  immunosuppression.  Astro¬ 
cytic  gliosis  may  appear  around  necrotic  areas.  There  may  be 
panarteritis  with  perivascular  cuffing  by  lymphocytes,  some 

plasma  cells  and  macrophages,  and  few  eosinophils.  Fibri¬ 
noid  necrosis  and  thrombosis  in  arterioles  may  be  present. 
T rophozoites  and  cysts  may  be  found  in  liver,  lung,  kidney, 
prostate,  lymph  nodes,  skin,  and  other  organs,  suggesting 
hematogenous  dissemination  of  trophozoites  and  cysts.17 

Diagnosis 

Acanthamoeba  sp  and  B.  mandrillaris  have  been  isolated 
from  skin  and  brain  biopsy  material.  Acanthamoeba  sp  have 
also  been  isolated  from  CSF  and  lung  biopsy  material. Until 
recently,  B.  mandrillaris  had  never  been  isolated  from  CSF. 
However,  B.  mandrillaris  was  isolated  from  the  CSF  of  a 
patient  who  developed  infection  after  receiving  a  kidney 
transplant.7  To  isolate  Acanthamoeba  sp,  specimens  should 
be  processed  the  same  as  for  N.  fowleri.  If  amebae  are  pres¬ 
ent,  trophozoites  and  cysts  will  appear  on  agar  plates  after  1 
or  2  weeks  of  incubation.12,15,17,19,30,47  B.  mandrillaris  will 
not  grow  on  agar  plates  coated  with  bacteria.17,30  However, 
mammalian  cell  cultures  such  as  monkey  kidney  or  human 
lung  fibroblasts  will  support  the  growth  of  B.  mandrillaris. 
Balamuthia  sp  trophozoites  and  cysts  found  in  CNS  tissue 
are  morphologically  similar  to  those  of  Acanthamoeba  sp 
(Figs  9.12a  to  9.12d),  making  it  difficult  to  differentiate 
them  with  light  microscopy  alone.17,30  It  is  sometimes  pos¬ 
sible  to  distinguish  Balamuthia  sp  from  Acanthamoeba  bsp 
ased  on  nuclear  morphology;  in  tissue  sections,  B.  mandril¬ 
laris  trophozoites  may  have  more  than  1  nucleolus.  In  most 
cases,  electron  microscopy  and/or  immunofluorescence  as¬ 
say  are  necessary  to  identify  B.  mandrillaris  organisms.2,3,7, 
17,30,35,36,68  Recen|;  developments  in  molecular  analysis, 
especially  the  real-time  multiplex  PCR  has  enabled  the  spe¬ 
cific  identification  of  Acanthamoeba  sp  and  B.  mandrillaris 


Figure  9.12  a,b,c,d 

Balamuthia  trophozoites  (a)  x250  and  cysts  (b)  x250  found  in  CNS  tissue 
are  morphologically  similar  to  those  of  Acanthamoeba  sp  trophozoites 
(c)  x250  and  cysts  (d)  x800,  making  it  difficult  to  differentiate  them  with 
light  microscopy  alone. 

in  the  CSF,  tissue  sections  and  the  cultured  amebae.17,30,74'76 
Since  Acanthamoeba  sp  are  ubiquitous  in  nature,  humans 
are  exposed  to  them  and  may  produce  antibodies  to  these 
amebae.  Although,  indirect  fluorescent  antibody  (IFA)  and 
enzyme  immunoassay  (EIA)  have  been  developed  to  detect 
antibody  to  Acanthamoeba  sp  in  sera  of  patients  as  well  as 
infected  individuals,  they  are  not  routinely  used  as  diagnos¬ 
tic  tests.17,19,30  Similarly  IFA,  flow  cytometry,  and  ELISA 
techniques  have  been  developed  to  identify  antibodies  to 
B.  mandrillaris  in  the  sera  of  healthy  persons  as  well  as  pa¬ 
tients  with  B.  mandrillaris  GAE. 2I’30,77 

Treatment 

There  is  no  effective  treatment  for  GA  E  and  the  progno¬ 
sis  is  poor.  Athough  several  patients  are  known  to  have  sur¬ 
vived  because  of  diagnosis  antemortem,  GAE  is  most  often 
identified  only  at  death.7,17,30,76  Several  patients  with  Acan¬ 
thamoeba  sp  GAE  and  Acanthamoeba  sp  cutaneous  infection 
have  been  treated  with  a  combination  of  several  drugs  includ¬ 
ing  sulfadiazine,  trimethoprim-sulfamethoxazole,5  fluorocy- 
tosine,  fluconazole  or  itraconazole,  and  topical  application 
of  chlorhexidine  gluconate  on  skin  ulcers.15"17,19,21,30,38'42,78 
Recently,  miltefosine,  an  analogue  of  alkyl  phosphocholine, 
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Figure  9.13 

Acanthamoeba  keratitis,  irregular  corneal  epithelial 
breakdown,  stromal  infiltrative  keratitis,  and  edema. 
H&E  xlOO 


Figure  9.14  a,b 

Corneal  biopsy,  a.  Early  stages  of  Acanthamoeba  keratitis  showing  destruction  of  the  anterior 
corneal  epithelium  associated  with  acute  inflammatory  cells  (mainly  neutrophils)  into  the 
superficial  and  middle  layers  of  the  corneal  stroma.  x500  b.  Trophozoites  and  cysts  interspersed 
between  the  corneal  lamellae.  x500 


has  been  used  succefully  to  cure  an  HIV  negative  man  with 
Acanthamoeba  sp  GAE  and  disseminated  disease.37  Addi¬ 
tionally,  voriconazole  also  has  been  used  successfully  to  treat 
a  lung  transplant  patient  with  cutaneous  Acanthamoeba  sp 
infection.79  Experimental  in  vitro  studies  indicate  that  both 
Acanthamoeba  sp  and  B.  mandrillaris  are  sensitive  to  pent¬ 
amidine  isethionate,  azithromycin/clarithromycin  and  milt- 
efosine.19,30,32, 80-83  Several  cases  of  B.  mandrillaris  GAE 
infection  have  survived  after  treatment  with  pentamidine, 
clarithromycin/azithromycin,  fluconazole,  sulfadiazine  and 
5-fluorocytosine.3, 17,19,21,30,35,36,78,84  Recently,  mi  Itefosi  ne  has 
also  been  used  successfully  to  cures,  mandrillaris  GAE.7 


Acanthamoeba  Keratitis 

Acanthamoeba  sp  keratitis  (A  K )  is  a  painful,  vision-threat¬ 
ening  disease  of  the  cornea  that,  if  not  treated  promptly,  can 
lead  to  chronic  ulceration  of  the  cornea,  loss  of  visual  acuity, 
blindness,  and  enucleation.  iw’, 30, 43-45, 48, 50-52, 78 

Infectious  Agent 

Species  reported  to  cause  corneal  infections  are  usually  as¬ 
sociated  with  group  II  and  genotype  T4  and  include,  among 
Others,  Acanthamoeba  hatchetti,  A.  polyphaga,  A.  castellanii, 
A.  culbertsoni,  and  A.  rhysodes,  although  not  all  species  iso¬ 
lated  from  the  environment  are  clinically  relevant.  More  than 
5,000  cases  of  Acanthamoeba  sp  keratitis  have  been  reported 
worldwide,  over  half  of  them  in  the  United  States.  The  first 
case  of  AK  was  reported  in  1973  in  a  Texas  rancher  with  a 
history  of  trauma  to  the  eye.46  Trophozoites  and  cysts  of  A. 
polyphaga  were  cultured  from  corneal  scrapings  and  biopsy 
specimens.  In  the  1980s,  an  in-depth  epidemiologic  and  case- 
control  study  revealed  that  the  use  of  soft  contact  lenses  and 
homemade  saline  solution  were  responsible  for  an  increased 
incidence  of  Acanthamoeba  sp  keratitis.51  A  recent  outbreak 
of  AK  during  2004-2007  occurred  in  the  United  States.  An  in- 
depth  epidemiological  study  found  that  it  was  associated  with 


a  particular  brand  of  multipurpose  contact  lens  solution52 
that  did  not  have  sufficient  activity  to  kill  Acanthamoeba 
sp  Cysts.85  Subsequently,  this  brand  of  contact  lens  solution 
was  withdrawn  by  the  company.52 

AK  causes  severe  ocular  pain,  a  partial  or  total  paracen¬ 
tral  stromal  ring  infiltrate  (Fig  9.13),  recurrent  comeal  epi¬ 
thelial  breakdown,  and  a  corneal  lesion  resistant  to  common 
ophthalmic  antibacterial  medications.  In  its  early  stages, 
AK  is  frequently  misdiagnosed  as  herpetic  keratitis  because 
of  the  irregular  epithelial  lesions,  stromal  infiltrative  kerati- 
tis,  and  edema  common  to  both  forms  of  the  disease.  If  left 
untreated,  there  is  a  greater  risk  of  corneal  perforation  and 
GAE  and  enucleation. 17>i  9,30,44,45, 48 

Corneal  biopsy  reveals  that  in  the  early  stages  of  AK 
there  is  destruction  of  the  anterior  corneal  epithelium  asso¬ 
ciated  with  infiltration  of  acute  inflammatory  cells  (mainly 
neutrophils)  into  the  superficial  and  middle  layers  of  the 
corneal  stroma  (Figs  9.14a  &  9.14b).  As  the  disease  pro¬ 
gresses,  there  is  considerable  erosion  of  the  corneal  stroma, 
herniation  of  Descemet's  membrane,  and  perforation  of  the 
cornea.  T rophozoites  and  cysts  are  interspersed  between  the 
corneal  lamellae.17, 19,30'44’45-48 

Diagnosis 

Diagnosis  is  confirmed  by  finding  Acanthamoeba  sp  i  n 
comeal  scrapings  fixed  with  methanol  and  stained  with  Gi- 
emsa,  Hemacolor®,  or  tri chrome.17, 19,30,44,45,48 Acanthamoe¬ 
ba  sp  can  also  be  isolated  into  culture  on  non-nutrient  agar 
plates,  as  described  above.  Diagnosis  has  been  established 
by  direct  confocal  microscopy  on  the  corneal  surface.49 

Treatment 

The  current  treatment  of  choice  for  A  K  is  topical  appli¬ 
cation  of  a  diamide  (propamide  isethionate  or  hexamide) 
and  a  cationic  antiseptic  (polyhexamethyl  biguanide  or 
chlorhexidine  gluconate)  for  several  weeks.50,53 
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Figure  9.15  a,b 

Sappinia  sp,  B rain.  A  mebae  are  large,  usually  40  pm  or  greater  characterized  by  two  nuclei  (n)  tightly  Figure  9.16 

apposed  to  one  another,  a.  Giemsa.  xl250  b.  Phase  contrast.  xl250  Sappinia  sp,  B  rain.  Cysts  are  also 

binucleate.  Two  nuclei  (N).  Phase 
contrast.  xlOOO 


Sappinia 


Sappinia  sp  have  been  previously  isolated  from  feces  of 
humans,  elk,  bison  and  cattle.  A  single  case  of  infection 
with  Sappinia  pedata,  previously  described  as  Sappinia 
diploidea,  causing  encephalitis  in  an  immunocompetent 
male  occurred  in  2001.59  The  patient  developed  headache, 
seizure,  blurred  vision,  photophobia  and  vomiting;  an  M  Rl 
revealed  a  single  space-occupying  lesion.  On  examination 
of  the  excised  lesion  amebic  trophozoites  but  not  cysts  were 
seen  in  the  brain  tissue.  The  patient  was  treated  empirically 
with  azithromycin,  pentamidine  isethionate,  itraconazole 
and  flucytosine  and  recovered  with  no  neurological  sequel¬ 
ae.  Sappinia  amebae  are  large  and  measure  40  pm  or  greater 
and  are  characterized  by  the  presence  of  two  nuclei  tightly 
apposed  to  one  another  (Figs  9.15a  &  9.15b).  Cysts  are  also 
binucleate  (Fig  9.16)  and  can  survive  adverse  conditions 
in  the  environment.  A  recently  developed  real-time  PCR 
detects  both  species  of  Sappinia  but  not  other  free-living 
amebae  including  Acanthamoeba  sp,  B.  mandrillaris  and  N. 
fowled  or  human  D  N  A  ,6# 
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